steven.kliewer@utsouthwestern.edu or davo.mango@utsouthwestern.edu transferred into EDTA-dipotassium tubes (Sarstedt) and centrifuged at 3000 rpm at 4 °C for 30 min, and total plasma albumin levels were measured using a Vitros 250 automated analyzer.
For oral glucose tolerance tests, overnight fasted animals were injected i.p. with vehicle or 1 mg/kg FGF19. 5 min. later animals were gavaged with 2 g glucose/kg body weight. Tail blood was taken at t = 0, 15, 30, 60, 90, 120 and 180 min and plasma glucose levels were measured and expressed as % basal (t=0) level.
Plasma glucose and glucagon, and insulin levels were measured with kits from Wako and Crystal Chem Inc. respectively. Hepatic cholesterol and triglyceride concentrations were measured using kits from Roche as previously described (3) except that Triton X-100 was used in place of Triton X-114.
Western blotting
Frozen and crushed liver samples were homogenized in liver lysis buffer containing 10 mM Tris HCl (pH 7.5), 150 mM NaCl, 0.5% NP40, 10% glycerol, 5 mM EDTA, 50 mM NaF, 10 mM β -glycerol phosphate, 1 mM Na 3 VO 4 1 mM PMSF and complete protease inhibitor cocktail. The homogenates were centrifuges at 13,000 rpm for 10 min and the supernatants were used as whole cell lysates. Cultured cells were lyzed in cell lysis buffer containing 20 mM Tris HCl (pH 7.5), 150 mM NaCl, 1% Triton X-100, 5 mM EDTA, 50 mM NaF, 10 mM β-glycerol phosphate, 1 mM Na 3 VO 4 1 mM PMSF and complete protease inhibitor cocktail. Protein concentration was determined by Bio-Rad Bradford assay and 30 µg of proteins were used in each SDS-PAGE run.
Nitrocellulose membrane was used for blotting. Primary antibody incubation was performed in TBS containing 0.05% Tween and 5% BSA. For secondary antibody incubation, TBS-T containing 5% milk was used. For visualization of the results, either SuperSignal West Pico or ECL western blotting substrates from Pierce were used.
Quantification of the blots was performed by using ImageJ software. For each sample, integrated density of phospho-antibody band was divided by that of total antibody band and the values were normalized relative to the vehicle group.
Glycogen synthase activity assay
Frozen and crushed liver samples were homogenized in lysis buffer containing 50 mM Tris HCl (pH 7.5), 1% Triton X-100, 5 mM EDTA, 0.27M Sucrose, 50 mM NaF, 10 mM β-glycerol phosphate, 1 mM Na 3 VO 4 . The homogenates were centrifuged at 13,000 rpm for 10 min. Protein concentration was determined by Bio-Rad Bradford assay. 300 µg of protein was used in each reaction and diluted with the lysis buffer to 50 µl volume.
A reaction buffer which contains all the ingredients in the lysis buffer and 17.8 mM UDP-glucose (Sigma), 13.4 mg/ml rabbit liver glycogen (Sigma) and 0.07 µCi of 14C-UDP-glucose (Perkin Elmer) per reaction was prepared and split into two tubes one of which is supplemented with 10mM glucose-6-phosphate (G6P) (Sigma). For each sample, two reactions (-and + G6P) in duplicates were set by adding 50 µl of reaction buffer into the diluted protein lysate making a final volume of 100 µl. Each sample was incubated at 30°C for 20 min. After the incubation, the samples were spotted onto Whatman Grade 3 circle filters and washed twice with 66% ethanol for 20 min at room temperature and once in acetone for 5 min. After drying, filters were put into scintillation vials with 10 ml of scintillation liquid and 14C-glucose incorporation into glycogen was quantified. The glycogen synthase activity is defined as the activity measured in the absence of G6P divided by the activity measured in the presence of G6P.
Glycogen content determination
100 mg of liver samples were weighed and homogenized in 1 ml of 30% KOH and boiled for 15 min. After centrifugation at 3000 rpm, 75 µl of homogenates were spotted on Whatman Grade 3 circle filters. Filters were washed once in 70% Ethanol at 4°C for 30 min and twice at room temperature for 15 min each. The filters were briefly rinsed with acetone. After drying, filters were placed in Fisher glass tubes and 1 ml of amyloglucosidase reaction mix which contains 2 mg of amyloglucosidase enzyme (Sigma) per 5 ml of 50 mM NaOAc was added. After incubation at 37°C for 90 min with periodic mixing, samples were used in Wako Autokit glucose assay to determine glucose concentration. The glycogen content results are calculated as mg glucose over 100 mg liver.
H-Labeling of body water
The 2 H-labeling of body water was determined by exchange with acetone (4, 5).
Briefly, 10 µl of sample or standard was reacted with 2 µl of 10 N NaOH and 4 µl of a 5% (v/v) solution of acetone in acetonitrile for 24 h. Acetone was extracted by addition of 600 µl of chloroform followed by addition of ~ 0.5 g Na 2 SO 4. Samples were vigorously mixed and a small aliquot of the chloroform was transferred to a GC-MS vial. Acetone was analyzed using an Agilent 5973N-MSD equipped with an Agilent 6890 GC system, a DB-17MS capillary column (30 m x 0.25 mm x 0.25 µm) was used in all analyses. The temperature program was as follows: 60ºC initial, increase by 20ºC per min to 100ºC, increase by 50ºC per min to 220ºC and hold for 1 min. The sample was injected at a split ratio of 40:1 with a helium flow of 1 ml per min. Acetone eluted at ~ 1.5 min. The mass spectrometer was operated in the electron impact mode (70 eV). Selected ion monitoring of m/z 58 and 59 was performed using a dwell time of 10 ms per ion.
H-Labeling of protein-bound alanine
The fractional rates of protein synthesis in liver and plasma albumin were determined from the incorporation of [ 2 H]alanine using a precursor:product relationship was performed using a dwell time of 10 ms per ion.
Protein synthesis rate calculations
The rate of protein synthesis was calculated using the equation: 2 H-labeling protein-derived alanine (%) / [ 2 H-labeling body water (%) x 3.7 x time (h)], where the factor 3.7 represents an incomplete exchange of 2 H between body water and alanine, i.e.
3.7 of the 4 carbon-bound hydrogens of alanine exchange with water (6, 7) . This equation assumes that the 2 H-labeling in body water equilibrates with free alanine more rapidly than alanine is incorporated into newly made protein and that protein synthesis is linear over the study (10) . In cases where the mice were exposed to tracer for ~6h, we assumed a steady-state labeling of body water at a value equal to that measured at the end of the study. In cases where the mice were exposed to tracer for longer periods of time (e.g., overnight), we calculated the average water labeling determined using samples collected ~90 min post-injection and at the end of the study.
RT-qPCR
RNA was extracted from frozen liver samples using RNA-STAT60™ (Isotex diagnostics), DNase treated, and reverse transcribed using random hexamers. Net glycogen synthesis was determined by assessing the glycogen content in the clamped animals subtracted by the glycogen content of similar unclamped rats euthanized with the same duration of fasting, using methods previously described (11) . Incorporation of glucose M+6 into glycogen to determine the percent of glycogen synthesized by the direct pathway was assessed by GC/MS, as previously described (12) . Insulin and glucagon were assayed by R.I.A. (Bio-Rad).
Statistical analysis
Values are expressed as mean ± SEM. Significant differences between two groups were evaluated using two-tailed, unpaired t test. 
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